In embryos of the chironomid midge Smittia, synthesis of a posterior indicator protein designated PI1 (Mr 50,000; pI 5.5) 
thesized in anterior fragments of UV-irradiated embryos but not after photoreversal. In a control experiment, UV irradiation of the posterior pole caused neither double-abdomen formation nor PI, synthesis in anterior fragments. The identity of PI, formed in anterior fragments of prospective double abdomens with the protein found in posterior fragments was revealed by two-dimensional gel electrophoresis and limited proteolysis.
Suppression of P1, synthesis in anterior fragments of normal embryos is ascribed to the activity of cytoplasmic ribonucleoprotein particles thought to act as anterior determinants.
Localized cytoplasmic determinants of maternal origin play a key role in the restriction of embryonic cells to specific developmental pathways (1) . The molecular nature of these determinants and their mode of action are of considerable interest to developmental biologists. In the chironomid midge Smittia sp., the specification of the segment pattern can be switched from that of a normal embryo to a "double abdomen"; the latter consists of a mirror-image duplication of the abdomen in the absence of head and thorax (2) . Double abdomens can be generated by application of RNase (3) or UV light (4) to the anterior pole region. Isolated anterior fragments of Smittia embryos, upon UV irradiation, also produce abdomens whereas unirradiated anterior fragments produce head structures (K. Sander, personal communication; refs. 2 and 5). The cells in the anterior half of the embryo are therefore capable of producing either head (and thorax) or abdomen. The decision between these alternative pathways is ascribed to the activity versus inactivity of "anterior determinants," which have been characterized as cytoplasmic ribonucleoprotein particles (2) . This is mainly based on the action spectrum for UV induction of double abdomen (6) and the subcellular localization of the effective targets of UV (7) .
Exposure to visible light after UV treatment, which would induce double abdomen, causes reversal to normal development (6) . Similar phenomena are usually ascribed to light-dependent repair of DNA (8) . However, we have demonstrated a lightdependent disappearance of UV-induced pyrimidine dimers from RNA of Smittia embryos (9) (10) (11) . A new irradiation technique (12) has enabled us to UV irradiate large numbers of embryos so that virtually all of them form double abdomens and to photorevert a sample so that nearly all of these develop normally again. Photoreversal can therefore be used as a control in experiments attempting to identify cellular or molecular events that indicate either normal development or doubleabdomen formation before these alternative pathways can be discerned morphologically.
The ribonucleoprotein particles considered as anterior determinants might control expression of some genes in a regionally specific way. This should be reflected at the level of protein synthesis. We have therefore compared the patterns of proteins synthesized in anterior and posterior fragments of embryos programmed for normal development or doubleabdomen formation. We have discovered an "indicator protein" that foreshadows development of abdomen as opposed to head and thorax. This protein is synthesized, in a region-specific way, soon after blastoderm formation (i.e., several hours before germ anlage formation).
MATERIALS AND METHODS
Embryos. Eggs were obtained from our laboratory strain of Smittia sp. as described elsewhere (13) . The following embryonic stages are defined by morphological criteria (4) and by the time (at 21°C) after egg deposition: stage P2 (two pole cells, early intravitelline cleavage; 34 hr after deposition), stage M2 (late nuclear migration; 6-7 hr after deposition); stage PB (preblastoderm; 7-8 hr after deposition); and stages BlIvI (blastoderm stages; 8-14 hr after deposition). UV Irradiation and Photoreversal. A monochromator ap paratus described earlier (6) was used for both UV irradiation (285 nm, 3 W/m2, 47 sec) and photoreversal (440 nm, 3 W/m2, 30 min). Embryos were lined up in a groove between two coverslips and UV irradiated at stage M2-PB (7 hr after egg deposition) with their anterior poles facing the beam (12) . Immediately thereafter they were either incubated in the dark or exposed to photoreverting light. In and posterior fragments. The latter were either 120Mum (0-0W% egg length) or 100,gm (10-60% egg length) long, depending on whether or not the primordial germ cells at the posterior pole ("pole cells") were included. For sectioning, embryos were aligned side by side during the labeling period, frozen rapidly, and sectioned in a cryostat (14) . For each sample, 100-160 corresponding fragments were pooled while still frozen. Two-Dimensional Gel Electrophoresis. Labeled and washed embryos were collected, or cryostat sections were thawed, in 100,Ml of 1 mM Tris-HCl (pH 7.4) containing 100 ,Mg of RNase A per ml (Sigma). Samples were prepared and separated by two-dimensional gel electrophoresis (15) as described earlier (13) , except that the acrylamide concentration for the second dimension was lowered to 9.2%. For fluorography, prefogged Kodak Ortho H film was used. Under strictly standardized conditions (16) , more than 450 proteins were resolved in reproducible patterns and with the same semiquantitative intensities of the radioactive label.
Limited Proteolysis. Peptides were mapped by a procedure modified from that of Cleveland et al. (17) . Two-dimensional gels were fixed, stained (13), and dried on WM 3 mm paper.
The position of the x-ray film on the gel during exposure was marked by puncturing both of them. Gel pieces corresponding to certain spots in the autoradiograph were cut out and rehydrated in sample buffer (17) 3g) and photoreverted embryos (Fig. 3f) . The position of protein P' in two-dimensional gels coincided exactly with the position of protein P, whose synthesis in normal embryos at stages B1i and B1lI was restricted to posterior fragments (Fig. 1) . In order to determine whether synthesis of protein P' in prospective double abdomens was similarly restricted, anterior (60-100% egg length) and posterior (0-60% egg length) fragments of UV-irradiated embryos at stage B1lI were assayed separately. Each fragment contained a protein (Pa and P'p respectively) appearing in the same position in two-dimensional gels as protein P' (Fig. 3 b, d , and e). In photoreverted embryos assayed in the same way, protein Pp was found in the posterior fragments (data not shown), but no corresponding protein could be detected in anterior fragments (Fig. Sc) (Fig. 3 g-i) .
The objection might also be made that proteins P. P;, and P' are different despite their identical positions in two-dimensionai gels. We have therefore analyzed the peptide patterns after limited proteolysis of proteins P (from posterior fragments of unirradiated embryos), P' (from whole UV-irradiated embryos), and P (from anterior fragments of UV-irradiated embryos). The exact correspondence of the peptide patterns (Fig. 4) , together with exactly the same positions of the proteins in twodimensional gels (Fig. 3) P, P', and P, (and therefore also Pp, which is P'-Pa) are identical. The synthesis of this protein at stage BIl is indicative of posterior fragments developing into abdomens and of transformed anterior fragments that mimic the development of their posterior counterparts. We have therefore termed this protein a "posterior indicator protein." Preliminary data indicate that more proteins of this type exist. The one described here is therefore abbreviated as protein PI1. It has an isoelectric point of approximately pH 5.5 and an apparent molecular weight of 50,000 (Fig. 1) .
Dependency on Maternal and Embryonic mRNA. Protein synthesis in Smittia and other insect embryos before blastoderm formation is largely, if not exclusively, supported by maternal RNA supplies (13) . During blastoderm stages, maternal mRNA seems to become degraded, and embryonic mRNA is used instead (18) . The synthesis of protein PI, was not affected by inhibitors of RNA synthesis (actinomycin and a-amanitin, 10 and 100 Mg, respectively, per ml of incubation medium) up until stage BI, when its synthesis in normal embryos became restricted to posterior fragments. However, from stage BI1 on, the synthesis of PI1 became sensitive to inhibition of transcription (Table 1) . These results suggest that during stage BlI the synthesis of PI, in posterior fragments is supported by maternal mRNA, whereas at stage BI1 the synthesis of PI, in posterior fragments and in anterior fragments of prospective double abdomen is directed by embryonic transcripts.
DISCUSSION
We have identified a posterior indicator protein PII (Mr t 50,000; pI 5.5) whose synthesis in Smittia embryos at stages B11 and Bill foreshadows abdomen development several hours before. germ anlage formation. The synthesis of PI1 was restricted to posterior fragments during stages B11 and BIl, whereas the protein was synthesized in both anterior and posterior fragments during earlier and later stages of development. Similarly, the region specificity of the synthesis of other proteins was limited to certain developmental stages. The differences in the synthetic rates observed suggest but do not prove corresponding differences in the actual amounts of the respective proteins. Synthesis of PI1 during stages B11 and BI1 is not polecell specific because the protein was labeled in posterior blas- (Fig. 1d) ; slot c, protein
Pa (Fig. 3b) ; slot d, protein P' (Fig. 3e) . (19) (20) (21) (22) . In Drosophila, specific antigens have been detected in the posterior pole plasm (23) , and the synthesis of several pole-cell-specific proteins has been observed (24) . Conversely, a protein synthesized in blastoderm cells but not in pole cells has also been found (25) . The synthesis of segment-specific gene products required for maintaining abdominal levels of morphogenesis in Drosophila has also been postulated on the basis of genetic evidence (26) .
In Smittia embryos, the synthesis of PI1 is correlated with an early determinative step leading to the formation of abdomen rather than head and thorax. Our experiments do not show whether PI1 synthesis is part of the determinative process or one of its consequences. Our previous experiments with the Smittia system indicate that formation of head and thorax is apparently controlled by the activity of cytoplasmic ribonucleoprotein particles functioning as "anterior determinants." Abovethreshold activity of these components is thought to cause head and thorax formation, whereas subthreshold activity levels lead to abdomen formation (2) . We hypothesize that the anterior determinants might be "masked mRNA." This idea is supported by storage of maternal poly(A)-containing RNA in Smittia eggs (14, 27) , photoreactivation of UV-inactivated mRNA in Smittia embryos (11) , and the observation that after UV irradiation during early intravitelline cleavage, photoreversal of the potential double abdomens can be postponed for several hours without detriment to its efficiency (28) . At (29) . However, the data obtained so far are alsp compatible with the idea that the anterior determinants exert their control without being translated into proteins. Whatever the exact mode of control may be, the earliest effect observed so far is the apparent suppression of Pi, synthesis in the anterior half of the embryo at stages B1I and B1lI. We have also observed other changes in the pattern of protein synthesis after UV irradiation or centrifugation, causing double-abdomen or double-cephalon formation (16) .
This work was supported by a research fellowship from the Deutsche
